
WHAT IS CLAIMED IS: 



1 1 . A wavelength router for receiving, at an input port, light ha\'ing a 

2 plurality of spectral bands and directing subsets of said spectral bands to respecti\'e ones 

3 of a pluralit}' of output ports, the wavelength router comprising: 

4 a free-space optical train disposed betw^een the input ports and said output 

5 ports providing optical paths for routing the spectral bands, the optical train including a 

6 dispersive element disposed to intercept light traveling from the input port, said optical 

7 train being configured so that light encounters said dispersive element twice before 

8 reaching any of the output ports; and 

9 a routing mechanism having at least one dynamically configurable routing 
10 element to direct a given spectral band to different output ports, depending on a state of 

i 1 said d>Tiamicaiiy configurable eiemeni. 

1 2. The wavelength router of claim 1 wherein said input port is located at 

2 the end of an input fiber. 

1 3. The wavelength router of claim 1 w^herein said output ports are located 

2 at respective ends of a plurality of output fibers. 

1 4. The wavelength router of claim 1 wherein said routing mechanism has 

2 a configuration that directs at least two spectral bands to a single output port. 

1 5. The w^avelength router of claim 1 wherein said routing mechanism has 

2 a configuration that results in at least one output port receiving no spectral bands. 

1 6, The wavelength router of claim 1 wherein the number of spectral bands 

2 is greater than the number of output ports, and the number of output ports is greater 

3 than 2. 

1 7. The wavelength router of claim 1 wherein said routing mechanism 

2 includes a pluraluv of reflecting elements, each associated with a respecti\'e one of the 
spectral bands 




1 9. The \va\-elength router of claim 1 wherein said d\7iamically 

2 configurable element has a rotational degree of freedom. 

1 10. The wavelength router of claim 1 wherem: 

2 said dispersion element is a grating; and 

3 said optical train includes optical power incorporated into said grating. 

1 11. The wavelength router of claim 1 wherein: 

2 said optical train includes a lens; 

3 said dispersive element is a reflection grating; 

4 said routing mechanism includes a plurality of d\Tiamically configurable 

5 elements; 

6 light coming from said input port is collimated by said lens and is reflected 

7 from said reflection grating as a plurality of angularly separated beams corresponding to 

8 said spectral bands; 

9 said angularly separated beams are focused by said lens on respective ones 

10 of said dynamically configurable elements; and 

1 1 each given dynamically configurable element has a plurality of states, each 

12 adapted to direct that dynamically configurable element's respective angularly separated 

13 beam along a desired one of a plurality of paths such that light leaving that dynamically 

14 configurable element is again collimated by said lens, reflected by said reflection grating, 

15 and again focused by said lens on one of said output ports corresponding to the desired 

16 one of said plurality of paths. 

1 12. A wavelength router for receiving light having a first number, N, of 

2 spectral bands at an input port and directing subsets of said N spectral bands to rcspecii\-e 

3 ones of a second number, M, of output ports, the wax elcngth router comprising: 

4 a free-space optical train disposed between the input ports and said output 

5 ports providing optical paths for routing the spectral bands, the optical train including a 

6 dispersi\'c element disposed to intercept light traveling from the input port, said optical 




1 13. The wavelength router of claim 12 wherein said dispersn'e element is 

2 a reflection grating, and the optical train includes: 

3 a lens disposed to intercept light from the input pon, collimate the 

4 intercepted light, direct the collimated light toward said reflection grating, intercept light 

5 reflected from the reflection grating, focus the light, and direct the focused light along a 

6 path, with each spectral band being focused at a different point; and 

~! a plurality of N reflecting elements disposed to intercept respective 

S focused spectral bands and direct the same so as to encounter said lens, said reflection 

^) grating, said lens, and respective output ports. 

1 14. The wavelength router of claim 12 wherein said dispersive element is 

2 a transmdssion grating, and the optical train includes: 

3 a lens disposed ben^-een said transmission grating and the input port; and 

4 a plurality of N reflecting elements on a side of said transmission grating 

5 that is remote from said input port so as to cause light passing through said grating and 

5 falling on said reflecting elements to pass through said transmission grating, said lens and 

7 said the output ports. 

1 15. The wavelength router of claim 12 wherein said dispersive element is 

2 a reflection grating, and the optical train includes: 

3 a curved reflector disposed to intercept light from the input port, collimate 

4 the intercepted light, direct the collimated light toward said reflection grating, intercept 

5 light reflected from the reflection grating, focus the light, and direct the focused light 
along a path, with each spectral band being focused at a different point; and 

a plurality of N rellecting elements disposed to intercept rcspccti\-e 

S tocuscd spectral bands and direct the same so as to encounter said curA'cd reHector, said 
reflection grating, said cur\ ed reflector, and respecti\ e output pons. 

1 16. The wavelength router of claim 12 wherein said dispersive element is 

2 a prism. 




1 1 S. A wavelength router for recei\-ing light ha\-ing a first number, X, of 

2 spectral bands at an input pon and directing subsets of said N spectral bands to respective 

3 ones of a second number, M, of output ports, the wavelength router comprising: 

4 a first cylindrical lens for collimating light emanating from the input port 

5 in a first transverse dimension; 

6 a second cylindrical lens for collimating the light in a second transverse 

7 dimension that is orthogonal to said first transverse dimension; 

8 a transmissive dispersive element for dispersing the light in said first 

9 transverse dimension in a particular sense; 

10 a third cylindrical lens for focusing the light in the first transverse 

1 1 dimension; 

i 2 a plurality of N Liilable mirrors in the focal plane of said third cylindrical 

13 lens, each intercepting a respective spectral band and directing that spectral band back 

14 toward said third cylindrical lens; and 

1 5 a plurality of actuators, each coupled to a respective mirror to effect 

16 selective tilting of the light path of the respective spectral band; 

17 wherein each spectral band is collimated in the first transverse dimension 

1 8 by said third cylindrical lens, dispersed in the first transverse dimension by the grating in 

19 a sense opposite the particular sense, focused in the second transverse dimension by said 

20 second cylindrical lens and focused in the first transverse dimension by said first 

21 cylindrical lens, whereupon each spectral band is brought to a focus in both the first and 

22 second transverse dimensions at a respective position determined by the respective 

23 tiltable mirror. 

1 19. The wa\-clength router of claim 1 S. and further compnsmg an array of 

2 output ffocrs positioned to receive light from said return path, whose positions correspond 

3 to the tilts of said plurality of tiltable mirrors in a Fourier relationship through said second 

4 cylindrical lens. 

1 2C>. The wa\'cleneth router of claim 1 S wherein said mirrors arc made 




1 2 1 . A wavelength router for recei\-ing light having a first number, N, of 

2 spectral bands at an input pon and directing subsets of said N spectral bands to respective 

3 ones of a second nunnber, M, of output ports, the wa\'elength router compnsing: 

4 a llrst spherical lens for collimating light einanating from the input port; 

5 a transmissive dispersive element for dispersing the light in a first 

6 transverse dimension in a particular sense to spatially separate the spectral bands; 

7 a second sphencal lens for focusing the light traveling from said dispersive 

8 element; and 

9 a plurality of retroreflectors in the focal plane of said second spherical 

10 lens, each retroreflector intercepting a respective spectral band and directing that spectral 

1 1 band back toward said second spherical lens wath a transverse displacement in a second 

12 transverse dimension that is orthogonal to the tlrsi transverse dimension, said transverse 

13 displacement depending on a state of that retroreflector; 

14 w^herein each spectral band is collimated by said second spherical lens, 

15 dispersed in the first transverse dimension by the grating in a sense opposite the particular 

16 sense, focused by said first spherical lens, whereupon each spectral band is brought to a 

17 focus at a respective position determined by the respective retroreflector. 

1 22. A wavelength router for receiving light having a first number, N, of 

2 spectral bands at an input port and directing subsets of said N spectral bands to respective 

3 ones of a second number, M, of output ports, the wavelength router comprising: 

4 an optical element with positive optical power disposed to collimate light 

5 emanating from the input port; 

f) a rcflecti\'e dispersive element for dispersing the light traveling from said 

optical clement m a first trans\'ersc dimension in a particular sense to spatially separate 

S the spectral bands, said dispersive element directing the spectral bands back to said 

9 optical element, which focuses the light traveling from said dispersive element; and 
10 a plurality of retroreflectors in the focal plane of said optical element, each 

1 1 retroreflector intercepting a respective spectral band and directing that spectral band back 

' ^ * I : .. ,,.:tu .^.t.^^,^^.,^-.^^,^ di^nlacenicni in a second trans\'crse 




15 w herein each spectral band is collimated b\' said optical element, dispersed 

16 in the first transverse dimension by said dispersi\'e element in a sense opposite the 
1" particular sense, focused by said optical element, whereupon each spectral band is 

18 brought to a focus at a respective position determined by the respective retroreflector, 

1 23. The wavelength router of claim 22 wherein said optical element is a 

2 sphencal lens. 

1 24. The wavelength router of claim 22 wherein said optical element is a 

2 concave reflector. 

1 25. The w^avelength router of claim 22 wherein: 

2 each retroreflector includes a rooftop prism; and 

3 the state of that retroreflector is defined by a transverse position of that 

4 retroreflector's rooftop prism. 

1 26. The wavelength router of claim 22 wherein: 

2 each retroreflector includes a rooftop prism and a relatively movable 

3 associated body of transparent material configured for optical contact with that 

4 retroreflector's rooftop prism; and 

5 the state of that retroreflector is defined at least in part by whether that 

6 retroreflector's rooftop prism is in optical contact with its associated body. 

1 27. A method of making an array of rooftop prisms, the method 

2 comprising: 

3 providing an elongate prism element; 

4 pro\ iding a pair of elongate slop elements that have surfaces possessing a 

5 desired degree of flatness; 

0 optically polishing surfaces of the elongate pnsm element to a desired 

7 degree of flatness; 

S subjecting the elongate prism element, thus optically polished, to a set of 

0 oneratinns that provide the plurality of rooftop pnsms that make up the arra\-; and 




2 the elongate pnsm element is a unitar\' component; and 

3 the set of operations includes physically cutting the elongate pnsm element 

4 into individual prisms. 

1 29. The method of claim 27 wherein: 

2 the elongate prism element is a bonded component of individual pnsms: 

3 and 

4 the set of operations includes breaking the bonds bet^veen individual 

5 prism. 

1 30. A dynamically configurable retroreflector comprising: 

2 first and second flat mirrors, fixed at a particular included angle with 

3 respeci lo one anuther, said first and second flat mirrors defining an intersection axis; 

4 a third flat mirror mounted for rotation about a rotation axis parallel to said 

5 intersection axis; and 

6 an actuator coupled to said third flat mirror configured to provide first and 

7 second angular positions about said rotation axis, said first angular position being such to 

8 define an included angle of approximately 90° between said first and third flat mirrors, 

9 said second angular position being such to define an included angle of approximately 90" 
10 between said second and third flat mirrors. 

1 3 1 . A configurable retroreflector array comprising: 

2 a support element having first and second mounting surfaces lying in 

3 planes defining an angle therebetween of approximately 90°. 

4 first and second MEMS micromirror arrays disposed on respective first 

? and second substrates, mounted to said first and second mounting surfaces of said suppon 

() clement; 

7 a given micromirror in said first array being associated \\ ith a pluralii}' of 

8 M micromirrors in said second array; and 

an actuator coupled to each gi\'cn micromirror m said f rst array to provide 
\t discrete nricntanons of said ei\'en micromirror, each onentation dircciinL: Imht alonL: 




14 the gi\-cn mirror in said first arra\- when the ei\'cn mirror is oriented to direct hght to that 

15 micromirror in said second arra\-. 

1 32. The configurable retroreflector array of claim 31 wherein: 

2 said suppon element is a V-block having suppon surfaces facing toward 

3 each other; and 

4 said first and second arrays are mounted with said first and second 

5 substrates disposed between the micromirrors in the arrays and said first and second 

6 mounting surfaces. 

1 33. The configurable retroreflector array of claim 31 wherein: 

2 said support element is a prism having support surfaces facing awa\' from 

3 each other; and 

4 said first and second arrays are mounted with the micromirrors in the 

5 arrays disposed betw^een said first and second substrates and said first and second 

6 mounting surfaces. 

1 34. The configurable retroreflector array of claim 31 wherein the 

2 micromirrors are limited to deflections on the order of ilO°. 

1 35. A w^avelength add-drop multiplexer comprising:. 

2 first and second wavelength routers according to claim 1, connected in 

3 opposite directions w^ith a first subset of the first wavelength router's output ports in 

4 optical communication with a corresponding first subset of the second w^avelength 

5 router's output ports, said first wavelength router's input port being in optical 

f) communication with an upstream fiber, said second wavelength router's input port being 
in optical communication with downstream fiber, and respecti\'e second subsets ol'said 

S first and second wa\'elength routers' output ports being m communication witii network 
tcnninal equipment for receiving light from one of the second subsets of output pons and 

10 communicating light onto the other of the second subsets of output ports. 




W HAT IS CLAIMED IS: 

1 . An optical rouliiig apparatus for directing an optical signal, the 
optical routing apparatus comprising: 



3 (a) an inpiU port configured to pro\ ide the optical signal; 

4 (b) a pluralit\' of output ports configured to receix e the optical signal; 

5 (c) a mirror, and 

(, (d) a linear actuator disposed to mo\ e the mirror along an axis to a 

7 plurality of mirror positions, w herein in a first of such mirror positions the mirror is 

S disposed such that the optical signal follow s a first optical path from the input port to a 

9 first of the pluraUty of output ports, the first optical path including a renection off the 

10 mirror. 

1 2. The optical routing apparatus according to claim 1 wherein the 

2 plurality of output ports consists of two output ports. 

1 3. The optical routing apparatus according to claim 1 wherein the 

2 mirror is disposed perpendicular to the axis. 

1 4. The optical routing apparatus according to claim 3 further 

2 comprising a fixed reflective surface disposed such that the first optical path further 

3 includes a rellection off the fixed rcnecti\ e surface. 

1 5. The optical routing apparatus according to claim 4 wherein the 

2 fixed reflectix e surface is oriented perpendicular to the mirror. 



1 (). I he optical rcniting apparatus according \o claim 4 w herein in a 

2 sectMid of such mu'i-or positions the mirror is disposed such that the opUcal signal follow s 

3 a second optical path from the input port to a second of the pluralit\- of output povls, the 

4 second optical path including a reflection ofTtlie mirror and ofTthe fixed reflectix e 

5 surface. 

I ,,Mii,/:i1 TMiitin'' ai^paratii^ accordimj \o claim I wherein the 



# • 



1 8 The optical roulinu apparatus according to claim 7 further 

2 comprisnig a first fixed retlectix e surface disposed such that the first optical path further 

3 includes a reilection off the first fixed renecti\ e surface. 

1 The optical routing apparatus according to claim 8 wherein the first 

2 fixed rellectiN e surface is oriented perpendicular to the mirror. 

1 10. rhe optical routing apparatus according to claim 8 further 

2 comprising a second fixed reflectixe surface, 

3 w herein in a second of such mirror positions the mirror is disposed such 

4 that the optica! signal follow s a second optical path from the input port to a second of the 

5 plurality of output ports, the second optical path including a retlection off the second 

6 fixed reHectix c surface and off the first fixed rcllectix e surface. 

1 11. The optical apparatus according lo claim 1 w herein the mirror is 

2 disposed at an angle between 40° and 50° to the axis. 

1 12. An optical routing apparatus for directing a first optical signal and 

2 a second optical signal, the optical routing apparatus comprising: 

3 (a) a first input port configured to provide the first optical signal; 

4 (b) a second input port configured to provide the second optical signal: 

5 (c) a first output port configured to recei\ c one of the first and second 
() optical signals; 

7 (d) a second output port configured to recei\ e one of the first and 

8 second optical signals; 

V) (e) a primarx miri-or: and 

] ( ) ( a |^rimar\ linear actuator disposed to nun e the primar\ mirror 

1 1 along a primar\ axis to a pluralit\ of primar\ mirror positions, 

12 w herein in a first of such primar> mirror positions the primar\- 

1 3 mirror is disposed such that the first optical signal follow s a llrst optical path to the first 

14 .vMpiit n(M-T ;uTtl the ^cctMid (Optical signal fc^llows a second optical path to the second 
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IS second oulpul port and ihc second optical signal follows a fourth optical path to the first 

1 9 output port. 

1 13. The optical routu^g apparatus according to claim 1 2 w herein the 

2 primar\ niUTor is disposed parallel to the primar\ axis. 

1 14. I he optical routing apparatus according to claim 1 3 w herein the 

2 primary linear actuator lies in the path of the first optical signal in at least one of such first 

3 and second primar\' mirror positions. 

1 1 5. The optical routing apparatus according to claim 14 w herein the 

2 primary linear actuator comprises a bore through w hich the first optical signal propagates 

3 w hen the primary mirror is positioned so that the primar\' linear actuator lies in the path 

4 of the first optical signal. 

1 16 . The optical routing apparatus according to claim 14 wherein the 

2 primary linear actuator comprises an antircflcctix c region transparent to a w avelength of 

3 the first optical signal, the region disposed such that the first optical signal propagates 

4 through the region when the primary mirror is positioned so that the primary linear 

5 actuator lies in the path of the first optical signal. 

1 1 7. The optical routing apparatus according to claim 1 4 wherein the 

2 primary linear actuator is antireflectix e and transparent to a w av elength of the first optical 

3 signal. 

1 1 8. The optical routing apparatus according to claim 1 3 w herein the 

2 pn mar\ muTor is reneclu e on tw o sides. 

1 19. The optical routmg apparatus accordmg to cknm IS further 

2 comprising a first fixed refiectiN e surface and a second fixed rellectu e surlaces, such first 

3 and second fixed refiectixe surfaces being disposed such that 

4 the first optical path includes a rellection off a first rellectix e side ol'the 
> pnmarx niirror. two refections oft^the ftrsl fixed refiective surface, and a refection ott 



9 the third optical path inc hides a rcllcction off the first fixed reflectix e 

10 surface and a renection oiTlhe second fixed rellectixe surface, and 
1 1 the fourth optical path includes a rellection off the first fixed retlectix e 

12 surface and a refection off the second fixed refiectixe surface. 

1 20. The optical routing apparatus according to claim 13 further 

2 comprising: 

3 (g) a secondar\' mirror; 

4 (h) a secondaiA' linear actuator disposed to mo\ e the secondary mirror 

5 along a secondary axis to a plurality of secondary mirror positions; 

6 (i) a tertiary mirror; and 

7 (j) a tertiary linear actuator disposed to mo\e the tertiary mirror along 

8 a t Ciliary axis to a plurality Oi tCTtiary muTor positions, 

9 wherein in the first primary mirror position, the secondary mirror is 
10 disposed at a predetennincd first secondary mirror position and the tertiary mirror is 

1 1 disposed at a predetcmiincd first tertiary mirror position, and 

1 2 wherein in the second primary mirror position, the secondary 

13 mirror is disposed at a predetcmiincd second secondary mirror position and the tertiary 

14 mirror is disposed at a predetermined second tertiary mirror position. 

1 21 . The optical routing apparatus according to claim 20 wherein the 

2 secondary mirror is disposed parallel to the secondary axis and the tertiary mirror is 

3 disposed parallel to the tertiary axis. 

1 22. The optical routing apparatus according to claim 21 wherein at 

2 least one of the jTrmiarx , secondare and tertiar\ linear actuators comprises a hove ihrtnigh 
which al least one ot^tlie first, second, third, and fourth optical signals i^ropagLitcs. 

1 23. The optical routing apparatus according to claim 21 wherein at 

2 least one of the primary, secondar> , and tertiar_\' linear actuators comprises an 

3 antirefiectix e region transparent to a w ax elength c^f at least one of the first, second, third. 

4 :\U(] fourth (M^tic:il ^i^jnaN .md thriMhjh uliich ^nch :i! loa^t otic iM"»tic;il spjnal pnM^aLMte^ 



3 transparent to a \\ a\ elcngih of at least one of the first, seeond, thnxl, and iburth optical 

4 signals. 

1 25. The optical routing apparatus according to claim 21 further 

2 comprising a first fixed renecti\ e surface and a second fixed reilecti\'e surface, such first 

3 and second fixed refiectix e surfaces being disposed such that 

4 the first optical path includes a refiection off the first fixed rcfiecti\ e 

5 surface and a refiection off the tertiar\' mirror. 

6 the second optical path includes a refiection off the first fixed renecti\ e 

7 surface and a refiection off the second fixed refiectix e surface, 

8 the third optical path includes a refiection off the primary mirror and a 

9 refiection off the tertiary mirror, and 

1 0 t h c l^^o u ri h o p u c a 1 p a i h i n c 1 u d e s a re fi ec 1 1 u u o iT t l i e i i r s t 1 1 x ed re fi c c 1 1 \' c 

1 1 surface and a refiection off the secondary mitTor. 

1 26. The optical routing apparatus accoi-ding to claim 20 wherein the 

2 secondary mirror is disposed peipendicular to the secondary axis. 

1 27. The optical routing apparatus according to claim 26 wherein the 

2 primary linear actuator comprises a bore through which at least one of the first, second, 

3 third, and fourth optical signals propagates. 

1 28. The optical routing apparatus according to claim 26 wherein the 

2 primary linear actuator comprises an antirefiectixe region transparent to a waxelcngth of 

3 at least one of the first, second, third, and fourth optical signals and through which such at 

4 least one optical signal propagates. 

1 29. The optical routing apparatus according lo claim 2(i w herein the 

2 prinuuA hnear actuator is anlirefiecti \ e and transparent to a \\a\elenglh ol at least one ol 

3 the first, second, third, and fotirth optical signals. 

1 3n. The optical rcniting apparatus according to claim 2(> w herein the 
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3 the first optical path includes a rcllcclion off the tertiar\' niirror and a 

4 rellection off the primar\' mirror. 

5 the second optical path includes a rellection off the secondar\' mirror and a 
() rellection off the fixed rellectix e surface, 

7 the third optical path includes a rellection off the tertiar> mirror and a 

S rellection off the priniar\' mirror, and 

9 the fourth optical path includes a rellection off the secondarx' mirror and a 

10 rellection off the fixed rellecti\ e surface. 

1 32. The optical apparatus according to claim 12 wherein the primary 

2 mirror is disposed at an angle between 40' and 50' to the primary axis. 

1 33. A method for directing an optical signal, the method comprising: 

2 (a) providing the optical signal from an input port; and 

3 (b) reflecting the optical signal off a mirror that is configured for linear 

4 actuation along an axis to a plurality of mirror positions, wherein in a first of such mirror 

5 positions the mirror is disposed such that the optical signal follows a first optical path 

6 from the input port to a first of a plurality of output ports. 

1 34. The method according to claim 33 w herein the plurality of output 

2 ports consists of two output ports. 

1 35. The method according to claim 33 wherein the mirror is disposed 

2 perpendicular to the axis. 

1 36. The method according to claim 35 further comprising refiecting the 

2 opncal signal along the first optical path off a fixed rct1ecti\ e surface. 

1 1 he method according t(^ claim 30 w herein the fixed refiectixe 

2 surface is oriented perpendicular to the mirror. 

1 3S. The metluxi according to claim 3() w herein in a second of such 

2 mirnM- posituMis the mirrc^r is disi^-^sed such that the optica! signal tblKn\ s a sectMid 



1 The method according to claim 33 wherein the mirror is disposed 

2 parallel to the axis. 

1 40. The method according to claim 39 further comprising retlecting the 

2 optical signal along the first optical path off a first fixed renecti\ e surface. 

1 41. The method according to claim 40 w herein the first fixed refiecti\e 

2 surface is oriented perpendicular to the mirror. 

1 42. The method according to claim 40 wherein in a second of sucli 

2 mirror positions the mirror is disposed such that the optical signal follows a second 

3 optical path from the input port to a secord of the pluralit>' of output ports, the second 

4 optical path including a renectioii off the second fixed rcfiective surface and off the first 

5 fixed rcflecti\'e surface. 

1 43. The method according lo claim 33 wherein the mirror is disposed 

2 at an angle betw cen 40° and 50° to the axis. 

1 44. A method for directing a first optical signal and a second optical 

2 signal, the method comprising: 

3 (a) pro\'iding the first optical signal from a first input port; 

4 (b) prov iding the second optical signal from a second input port; and 

5 (c) refiecting the first optical signal off a primary mirror that is configured 
() for linear actuation along a primar\' axis to a plurality of primary mirror positions, 

7 w herein in a first of such primaiy mirror positions the primary 

S mn-ror is disposed such thai the first optical signal follow s a first optical path a first of a 

') p\uvi\\\{\ of output povis and the second optical signal fc^lkn\s a second optical path \o a 

10 second ot^lhe pluralit> of output pons, and 

1 1 w herein in a second of such primary mirror positions the primary 

12 mirror is disposed such that the first optical signal follow s a third optical path to the 

13 second output port and the second optical signal foIUn\s a fourth optical path t(^ the lirst 
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1 40. I he nicilKui according lo claim 45 w herein the primar\ mirror is 

2 rellecli\ e on tw o sides. 

1 47 . 1 he method according to claim 46, 

2 w herein the first optical path includes a retlection off a first 

3 rellectix e side of the primary mirror, two reflections off a first fixed rellectix e surface, 

4 and a reflection ofTa second fixed reflecti\e surface, 

5 wherein the second optical path includes a reflection ofTa second 

6 rcflecti\ e side of^the primary mirror and a reflection ofTthe second fixed reflecti\e 

7 surface, 

S wherein the third optical path includes a reflection olTthe first 

9 fixed reflective surface and a reflection otTihe second fixed reflcctixe surface, and 
10 w herein the fourth optical path inckidcs a reflection off the first 

1 1 fixed reflecti\'e surface and a reflection ofTthe second fixed reflectixe surface. 

1 48. The method according to claim 45 further comprising: 

2 (d) reflecting at least one of the first optical signal and the second optical 

3 signal off a secondary mirror that is configured for linear actuation along a secondary axis 

4 to a plurality of secondary mirror positions; and 

5 (c) reflecting at least one of the first optical signal ond the second optical 

6 signal ofTa tertiary min'or that is configured for linear actuation along a tertiary axis to a 

7 plurality of tertiary mirror positions, 

8 w herein in the first primary mirror position, the secondary mirror is 

9 disposed at a predelermined first secondary mirror position and the tertiary miiTor is 
in disposed at a predetermined first terliar\ mirror position, and 

1 1 wherein \u the second primar> mirror posilton. the sccondar\ 

12 mirror is disposed at a predetermined second secondai) mirroi- position and the lertiar> 

1 3 mirror is disposed at a predetermined second tertiar\' mirror position. 

1 40. l he method according lo claim 4S w herein the sect^ndar\' mirror is 




2 w herein the first optical path includes a rellection off a first fixed 

3 renecti\ e surface and a rellection off the tertiar\ mirror. 

4 w herein the second optical path includes a rellection off the first 

5 fixed retlectu e surface and a rellection off a second fixed rellectiv e surlace, 

() w herein the third optical path includes a rellection off the priinar\ 

7 mirror and a rctlection off the tertiar\' mirror, and 

S w herein the fourth optical path includes a rellection off the first 

9 fixed rellecti\ e surface and a rellection off the secondary mirror. 

1 51. The method according to claim 48 w herein the secondary mirror is 

2 disposed perpendicular to the secondary axis. 

1 52. The method according to claim 5 1 w herein the tertiary mirror is 

2 disposed perpendicular to the tertiary axis. 

1 53. The method according to claim 52, 

2 wherein the first optical path includes a rellection off the tertiary 

3 mirror and a reflection off the primary min"or, 

4 w herein the second optical path includes a reflection off the 

5 secondary mirror and a reflection ofTa fixed reflective surface, 

6 w herein the third optical path includes a rcncction off the tertiary 

7 mirror and reflection ofTthe primary mirror, and 

8 w herein the fourth optical path includes a reflection off the 

9 secondary mirror and a rellection ofTthc fixed rellectix e surface. 

1 54. The method according to claim 44 w herein the primarx mirror is 



2 disposed at an angle between 40 and 5n to the primar\ axis. 

1 55. .A w a\ elength router for recci\ ing. at an input povi. Hght ha\ ing a 

2 pkiraUtN of spectral bands and directing subsets of the spectral bands to respecti\ e ones of 

3 a pluraHtx of otitput ports, the w a\ elength router comprising: 

4 (a) a free-space optical train disposed between the input port and the cnitput j^orts 

r^ro\ liliiv npnr;i1 i^iiMis tor roiiluv,' the spectral b;iinN the tM^lical train inchidnvj a 

^ spectral band, each sneh opti^\i! nuitiiie iiK'cliaiii sin iiK-ludiiiL:: 




9 ( i) a mirror; and 

H) (ii) a linear aclualor disposed lo nio\ e the mirror alonu an axis lo a 

1 1 pluralil\ ofmirror positions, 

12 wherein eaeh gi\en speetral band is direeted to different output ports depending 

13 on the position of the linear aetuator. 

1 56. The \\ a\ elenuth router aeeording to claim 55 \\ herein the 

2 dispersi\ e element is a grating. 

1 57. I he w ax elength router according to claim 56 w herein the optical 

2 train includes focussing power incorporated into the grating. 

1 58. 'f he w a\ elength router according to claim 56 w herein the grating is 

2 a renecti\'c grating. 

1 59. The wax elcngth router according to claim 56 w herein the grating is 

2 a transmissivc grating. 

1 60. The w avclength router according to claim 55 w herein the mirror is 

2 disposed perpendicular to the a.xis. 

1 61 . The w'a\'clength router according to claim 55 wherein the mirror is 

2 disposed parallel to the axis. 

1 62. The w a\ elength router according to claim 55 wherein each optical 

2 routing mechanism is configured such that in a first position of the linear actuator, a first 

3 of the plurality of spectral bands is directed to a first of the plurality of output ports and a 

4 second of the plurality of spectral bands is directed to a second of the plurality of output 

5 ports, and in a second position of the linear actuator, the first spectral band is directed to 
() the second output port and the second spectral band is directed lo the tlrsl output port. 

1 63. 1 he wa\elength router according to claim 62 wherein the mirror is 

2 retlectix e on tw o sides. 

1 64. The wax elength router according to claim 62 wherein each optical 

2 roLilmg iiiechani.sm further includes; 



(^ Nccoiul a\i^ to a jMiiraliI\ oI'nccoiuI mii-i-pr [ip^iIumin: arul 



# 



7 ( \ i) a third linear actuator disposed to nio\ e the third mirror along a third 

S axis to a plurahlN of third mirror positions. 

1 ()5. The \\ a\ elenglh router according to claim 04 w herein at least one 

2 of the first, second, and third linear actuators comprises a bore through w hich one of the 

3 spectral bands is directed. 

1 66. The w a\ elength router according to claim 64 w herein at least one 

2 of the first, second, and third linear actuators comprises an antirencctix e region 

3 transparent to a w ax elength of one of the spectral bands and through w hich such one of 

4 the spectral bands is directed. 



